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METHOD OF IMPROVING PRODUCTION THROUGH 
COST OF YIELD MEASUREMENT 
Background Of The Invention 

1 . Field of the Invention 

This invention relates generally to a method for controlling and improving 
production or manufacturing processes using production data and calculation of 
specific variables to provide meaningful measurements for the production processes 
and, in particular, to a method for calculating cost of yield measurements for a 
multiplicity of production and manufacturing processes. 

2. Description of Related Art 

One goal of a manufacturing plant is to produce goods (or services) at a low 
enough cost to allow the company to make a sufficient profit selling them. One 
measurement frequently used to track the performance of the manufacturing plant is 
product yield. The yield is defined as the number of good parts or units shipped from 
the plant, divided by the number of parts or units started. Each product in a factory 
will routinely have a target yield which, if met, ensures that the company's cost 
targets are met. Traditionally, if the actual yield of a product falls below the target 
yield established for it, resources will be applied to correct whatever problem is 
lowering the yields. The resources (which are typically limited) may include, for 
example , manufacturing engineering analysis , equipment improvements , or new 
equipment, all of which, and others, that have monetary value. 

In a large factory with many products running simultaneously, multiple 
products will be below their yield targets by varying amounts. However, applying 
limited resources to the products farthest behind their targets may not be the most 
efficient way to allocate them because other factors, such as, unit cost are not 
considered. 
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In a typical manufacturing plant having many products being processed or 
manufactured, the manufacturing process generally begins with a quantity of pieces to 
be processed. However, typically, after processing, a quantity of the pieces are not 
fit to be sold, or do not meet quality standards. This results in a loss of parts each 
time the process is run. Further, the process may or may not meet expected yields 
based on the number of pieces started and the number of post process pieces passing 
inspection or pieces which are shippable. 

Thus, each product will have an expected number of parts to be shipped, 
which will be somewhat less than the number of parts started. The ratio of the 
number of parts shipped to the number of parts started is the actual yield. A plant 
will have an expected value for this yield (known as the "expected yield" or the "plan 
yield"). In a best case scenario, the actual yields are at or above their expected (or 
plan) values, and the plant is producing what is expected, and is profitable. However, 
in a typical manufacturing environment, expected yields are high and many products 
may not attain the expectations. The plant must apply it's limited resources (i.e., 
manpower, purchasing, research) to resolve whatever problems are preventing the 
products from achieving their expected yield. 

A common difficulty related to the expected yield and the lack of meeting 
expected yields is that there are not enough resources to solve all the plant's problems 
simultaneously. A series of problems and decision may have to be resolved, such as, 
which problem to address first, how much time and money to expend on each 
problem for each process, and the extent of research investment. 

Previous methods disclosed in the prior art prioritizes problems by addressing 
the product with the greatest difference between actual yield and expected yield. If all 
products are the same, then selecting the one that is the farthest off the plan could be 
a reasonable way to allocate scarce resources. However, products can vary in a 
multitude of ways, such as, for example, their cost of material, sale price, cost of 
manufacture, etc. Therefore, a plurality of factors need to be taken into account when 
prioritizing product manufacturing. For example, a single comparison, such as actual 
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yield vs. expected yield, may show that a first product has a lower yield than a second 
product. However, the second product may cost much more to manufacture then the 
first product. Thus, it may actually be more cost efficient to spend resources on the 
second, higher yield, product. 

Bearing in mind the problems and deficiencies of the prior art, it is therefore 
an object of the present invention to provide a method for controlling manufacturing 
costs by calculating and comparing significant data to determine which manufacturing 
processes should receive resources for enhancement. 

It is another object of the present invention to provide a method for 
ascertaining costs of manufacturing processes which is straightforward in application. 

A further object of the invention is to provide a method for calculating 
measurements of performance of multiple processes. 

It is yet another object of the present invention to provide a method which 
compares a plurality of measurements of performance of multiple processes. 

It is yet another object of the present invention to provide a method for 
calculating measurements of value of production processes and provide meaningful 
data for allocating production resources. 

Still other objects and advantages of the invention will in part be obvious and 
will in part be apparent from the specification. 

Summary of the Invention 

The above and other objects and advantages, which will be apparent to one of 
skill in the art, are achieved in the present invention which is directed to, in a first 
aspect, a method for controlling production or manufacturing costs by obtaining 
measurements of unit manufacturing for a multiplicity of products or production lines 
and having a started units number for a plurality of processes, which includes 
determining an approved units number for the plurality of processes. The method 
further includes determining a unit production cost for each the unit in the plurality of 
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processes, calculating an unapproved units number for each the process, calculating a 
cost of yield measurement for each of the plurality of processes by multiplying the 
unapproved units number by the unit production cost for the each the unit; and 
comparing the cost for each unapproved unit for each the process. 
5 In a related aspect, the present invention includes providing an expected yield 

measurement for each of the plurality of processes, calculating an expected approved 
units number by multiplying the started units number by the expected yield 
measurement, calculating an actual yield for each of the plurality of processes, and 
providing a comparison of the cost of yield with the actual yield for each the plurality 
10 of processes. 

Q In another aspect, the present invention provides a method for controlling 

C] production or manufacturing costs by obtaining yield measurements of unit 

manufacturing for a multiplicity of products or production lines having a plurality of 
y processes which includes determining a started units number for the plurality of 

in 

t 15 processes. The method further includes determining a cost per unit for each the unit 
of the plurality of processes, calculating an expected approved units number for the 

i.j 

{.-& plurality of processes by multiplying the started units number by an expected yield 

| S measurement, calculating an actual approved units number for each of the plurality of 

£3 processes by multiplying the started units number by an actual yield measurement, 

S - 

20 calculating an unapproved units number for each of the plurality of processes by 
subtracting the expected approved units number from the actual approved units 
number, calculating cost of yield measurements for the plurality of processes by 
multiplying the unapproved units number by the cost per unit, and providing a 
comparison of the cost of yield measurements for the plurality of processes. 

25 In a related aspect, the present invention provides calculating an actual yield 

measurement by dividing an initial approved units number by the started units number 
for each of the plurality of processes, and providing a comparison of the actual yield 
measurement for the plurality of processes. Calculating an expected yield 
measurement by dividing an initial expected approved units number by the started 
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units number for each of the plurality of processes, and providing a comparison of the 
expected yield measurement for the plurality of processes. 

In yet another aspect, the present invention provides a method for controlling 
and improving production or manufacturing costs by obtaining yield measurements of 
5 unit manufacturing for a multiplicity of products or production lines having a plurality 
of processes, which includes determining an initial started units number for the 
plurality of processes. The method further includes determining a cost per unit 
number for each the unit of the plurality of processes, calculating an actual yield 
measurement by dividing an initial approved units number by the initial started units 

10 number for each of the plurality of processes, providing a comparison of the actual 
yield measurement for the plurality of processes, and calculating expected yield 
measurements by dividing an expected approved units number by the initial started 
units number for each of the plurality of processes. The method also includes 
providing a comparison of the expected yield measurements for the plurality of 

15 processes, calculating an initial actual approved units number for the plurality of 
processes by multiplying a subsequent started units number by the actual yield 
measurement, and calculating subsequent expected approved units numbers for the 
plurality of processes by multiplying the subsequent started units numbers by the 
expected yield measurement. The method further includes, calculating cost of yield 

20 measurements for the plurality of processes by multiplying the subsequent expected 
approved units number by the cost per unit, and providing a comparison of the cost of 
yield measurements for a plurality of processes. 

In a related aspect, the present invention provides calculating a subsequent 
actual unapproved units number for a plurality of processes by subtracting the 

25 subsequent expected approved units number from a subsequent actual approved units 
number. 

In a related aspect, the present invention provides yields that are recalculated 
with subsequent data and tabulated for comparing the yields. 
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In another related aspect, the present invention provides a plurality of 
processes run simultaneously. 

In yet another related aspect, the present invention provides applying resources 
to the processes having the highest cost of yield based on the comparing of the costs 
of yield measurements. 

In yet another aspect, the present invention provides a method for controlling 
production or manufacturing costs by obtaining and comparing measurements of unit 
manufacturing costs for production or manufacturing of a plurality of products or 
production lines determining a started units number for each of a plurality of 
processes, determining an approved units number for each of the plurality of 
processes, determining a unit production cost for each the unit of each the process, 
and calculating an unapproved units number by subtracting the units started number 
from the approved units number. The method further provides calculating cost of 
yield measurement for each of the plurality of processes by multiplying the 
unapproved units number by the unit production cost for each of the plurality of 
processes, and providing a comparison of the cost of yield measurement for each of 
the plurality of processes. 

In a related aspect, the present invention provides calculating an actual yield 
measurement by dividing the approved units number by the started units number for 
each of the plurality of processes, and providing a comparison of the actual yield 
measurement of each of the plurality of processes. 

In another related aspect, the present invention provides calculating a target 
yield measurement, and providing a comparison of the target yield measurement for 
each of the plurality of processes. 

In yet another related aspect, the present invention provides yields which are 
recalculated with subsequent data and tabulated for comparing the yields. 
In still another related aspect, the present invention provides the plurality of processes 
run simultaneously. 
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In another related aspect, the present invention provides applying resources to 
the processes having the highest cost of yield based on the comparing of the costs of 
yield measurements. 

In still another aspect, the present invention provides a method for controlling 
and improving production or manufacturing costs by obtaining and comparing yield 
measurements of unit manufacturing for a plurality of products or production lines 
which includes determining a started units number for each of a plurality of processes, 
determining an approved units number for each of the plurality of processes, 
determining a unit production cost for each the unit of each the process, and 
calculating an actual yield measurement by dividing the approved units number by the 
started units number for each of the plurality of processes. The method further 
includes providing a comparison of the actual yield measurements for each of the 
plurality of processes, calculating a number of unapproved units by subtracting the 
started units number from the approved units number, calculating cost of yield 
measurement for each of the plurality of processes by multiplying the number of 
unapproved units by the unit production cost for each unit, and providing a 
comparison of the cost of yield measurement for each of the plurality of processes. 

In another related aspect, the present invention provides calculating an 
expected approved units number by multiplying the started units number by an 
expected yield measurement, and calculating the approved units number by 
multiplying the started units number by the actual yield measurement. 

In yet another related aspect, the present invention provides calculating an 
expected yield measurement by dividing the expected approved units number by the 
started units number, and providing a comparison of the expected yield measurements 
for each of the plurality of processes. 

In yet another related aspect, the present invention provides determining a sale 
cost of each the unit for each the process, calculating cost of lost sales for each of the 
plurality of processes by multiplying the number of unapproved units by the sale cost 
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for each unit, and providing a comparison of the cost of lost sales for each of the 
plurality of processes. 

In still another aspect, the present invention provides a computer program 
product for controlling production or manufacturing costs by obtaining measurements 
5 of unit manufacturing for a multiplicity of products or production lines and having a 
started units number for a plurality of processes, which includes computer readable 
program code means for determining an approved units number for the plurality of 
processes, and computer readable program code means for determining a unit 
production cost for each the unit in the plurality of processes. The computer program 
10 further includes computer readable program code means for calculating an unapproved 
f l units number for each the process, computer readable program code means for 

calculating a cost of yield measurement for each of the plurality of processes by 
multiplying the unapproved units number by the unit production cost for the each the 
unit, and 



hi 
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Y£ 15 computer readable program code means for comparing the cost for each unapproved 

unit for each the process. 

In another aspect, the present invention provides a program storage device 
readable by a machine, tangibly embodying a program of instructions executable by 
i;3 the machine to perform steps for controlling production or manufacturing costs by 

20 obtaining measurements of unit manufacturing for a multiplicity of products or 
production lines and having a started units number for a plurality of which includes 
determining an approved units number for the plurality of processes, and determining 
a unit production cost for each the unit in the plurality of processes. The program 
storage device further includes calculating an unapproved units number for each the 
25 process, calculating a cost of yield measurement for each of the plurality of processes 
by multiplying the unapproved units number by the unit production cost for the each 
the unit, and comparing the cost for each unapproved unit for each the process. 
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Brief Description of the Drawings 

The features of the invention believed to be novel and the elements 
characteristic of the invention are set forth with particularity in the appended claims. 
The figures are for illustration purposes only and are not drawn to scale. The 
5 invention itself, however, both as to organization and method of operation, may best 
be understood by reference to the detailed description which follows taken in 
conjunction with the accompanying drawings in which: 

Fig. 1 is a flow chart showing the general steps of a preferred embodiment of 
the present invention. 

10 Fig. 2 is a sample yield management chart without cost of yield measurements, 

r-g Fig. 3 is the sample chart of Fig. 2 with cost of yield measurements as 

calculated in a preferred embodiment of the present invention. 

Fig. 4 is a sample chart of product output data using the preferred embodiment 
of the present invention. 

^ 15 Fig. 5 is a schematic of a computer for running a computer program 

a embodying the method of the present invention. 



Description of the Preferred Embodiment(s) 

In describing the preferred embodiment of the present invention, reference will 
20 be made herein to Figs. 1-5 of the drawings in which like numerals or letters refer to 
like features of the invention. Features of the invention are not necessarily shown to 
scale in the drawings. 

The present invention as disclosed herein has advantages over previous 
methods disclosed in the prior art and discussed above. The present invention takes 
25 into account that all products are not the same, but, differ in many ways by computing 
a cost to manufacture each piece or product, and applying this to a yield delta. A 
dollar value can be assigned to each product that is below or above its expected yield 
and resources assigned to improve manufacturing processes using the "cost of yield" 
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measurement. Assigning resource in this way provides better allocation of scarce 
resources to solve production problems. 

Referring to Figure 1, a flow chart 10 generally describing the steps of a 
preferred embodiment of the present invention is shown. The method is started 12 by 
5 identifying the process or processes used to make each of a plurality of products 14. 
Then, identify the incremental cost added to each product by each process identifying 
the cost per unit of the product produced 16. Next, identify the expected number of 
good parts generated for a given number of started parts for each process of each 
product 18. This number is the "expected yield" for each product through each 
10 process 18. Then, identify the quantity of each product started in a given time period 
(e.g. Daily, Weekly, Month to Date, etc.) in each process for that particular product 
20. Next, identify the quantity of goods or approved finished units of each product in 
each process in the same time period 22. Then, compute the actual yield of each 
product in each process by dividing the number of good or approved finished units by 
v:l 15 the total number of units started 24. After that, determine the "Yield Delta" by 

s ft 

ft subtracting the actual yield for each product in each process from the expected yield 

il for each product in each process 26. 

Next, multiply the "Yield Delta" by the number of parts started for each 
product for each process 28. This represents the number of additional parts that would 
20 have to be started to get the expected number of good parts out of each process, for 
each product 28. This assumes that the actual yield is below the expected one. If the 
actual yield is above the expected yield, this number is negative, and represents the 
number of extra good parts finished above the number expected. 

Subsequently, multiply the unit costs (step 16) by the result of multiplying the 
25 yield data by the number of parts started for each product and process (step 28). The 
result is a dollar value representing the "Cost of Yield" for each process step for each 
product. This information can be used to effectively prioritize which products in 
which process steps are impacting the plant the most, and which should be addressed 
first. 
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The "Cost of Yield" measurement includes the cost of the product as well as 
the quantity approved or determined to be good. Thus, a conversion of a 
straightforward yield delta measurement to a cost in dollars is employed using the 
preferred embodiment of the present invention. The ability to compute a dollar cost, 
which can then be compared across all products, is one of the advantages of the 
present invention. 

In operation, the preferred embodiment for this invention includes a software 
program running on a computer system with the following characteristics. The 
computer collects yield information on all products for all processes in the factory on 
a "regular" basis. A "regular" basis is frequently enough to take action against any 
new problems found, for example, daily, so that the computer system updates 
information recording the parts started, and approved parts once a day. Also, it is 
possible to have "real time" measurements, and more frequent reports if desired. 

The computer contains a relational database, or access to a relational database. 
This database holds all the collected yield information as well as, the unit costs of 
each product for each process it sees, and the expected yield for each product in each 
process. The relational database can be queried to retrieve specific data as required to 
compute the cost of yield. 

The present invention is a method for efficiently applying limited resources to 
solve production problems in an environment where many products are manufactured 
simultaneously. This invention factors in the out of pocket cost of having a difference 
between actual yield and target yield. This out of pocket cost includes the materials 
and labor required to manufacture more (or fewer) parts because of the lower (or 
higher) than target yield. The calculations include: 

Number of parts started * target yield = number of parts expected to be shipped. 
Number of parts started * actual yield = number of parts actually shipped 
Number of parts actually shipped - number of parts expected to be shipped = quantity 
of parts lost due to yield. 
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Quantity of parts lost due to yield * out of pocket cost per part = "COST OF 
YIELD". 

Performing the calculation to measure "Cost of Yield" across all the products 
in the manufacturing plant will show which products are costing (or saving) the 
company the most money. Limited resources are then allocated to work on the 
products costing the company the most money. 

An advantage of the present invention is in providing a method for applying 
limited resources to solve production problems by clearly identifying which products 
are costing a company the most money to produce at less than their target yield. The 
present invention can be implemented using computer programs which generate daily 
reports for every product in the factory. The reports show the computation of how 
much money each is costing (or saving) the company because of differences between 
actual and target yield. Engineering support is assigned to work on products based on 
how much money is being lost by running the product below target yield. 

Referring to Figs. 2 and 3, embodiments are shown of charts depicted the 
benefits of the present invention. The charts shown in Fig. 2 displays a yield 
management chart 100 before implementing cost of yield measurements. Column "A" 
lists the five products "A-E" which processes will be monitored. Column "B" 
indicates for each product how many parts are started, beginning with product "A" 
having 100 parts, and ending with product "E" starting with 75 parts. Then, all the 
parts are processed 102, going through their individual processing in the production 
plant. Next, column "C" shows the amount of parts that have been processed and are 
still good, starting with product "A" having 89 good parts, and ending with product 
"E" having 64 good parts. Column "D" shows the yield of each product and column 
"E" shows the expected yield or the plan for what yield would be acceptable. 
Column "F" shows the difference of the expected yield verses the actual yield shown 
in columns "D" and "E". 
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Concluding from the chart 100, the product "E" with a delta difference of -.05 
is the largest delta. This largest difference between the expected yield and the actual 
yield, from this analysis, would result in the company spending more resources on 
this product to try to increase the efficiency and increase its yield. 

However, referring to Fig. 3, a chart 200 shows tabulation of yield 
management after implementing a cost of yield measurement of the present invention 
as explained herein. The chart 200 has a column "A" showing five products "A - E". 
Column "B M shows how many parts are started for each product. Then each product 
is processed 202. Column "C M shows how many parts are good or approved after 
their processing. Column "D" depicts the yield for each product "A-E". Column 
"E" discloses the planned yield or expected yield for each product, in this case 90% 
for all. Column "F" discloses the difference between the actual yield and the 
expected yield, shown in columns "D" and "E" respectively. Column "G" shows the 
parts delta, which is the amount of parts that were rejected for each process. Column 
"H" depicts the cost of each of those products. Column "I" gives the cost of yield in 
dollars which shows the number of parts multiplied by their dollar value to give a 
total cost for the total number of parts that are rejected for each process. 

As can be seen, referring to Figs. 2 and 3, the cost of yield is very different 
from the lowest yield product. The lowest yield product calculation does not show 
how much value that product possesses. Where value is the total cost of the product's 
delta between yield "D" and plan "E". Whereas, in Fig. 3, the chart 200 shows the 
products costing the business the most money may not be the lowest yielding 
products. Thus, even though product "B" has a higher yield (0.88), than product "E" 
(0.85), product "B" has a higher loss in dollars, at $5.00 than product M E" at, $2.00. 
Thus, the company using these calculations would concentrate resources on the 
production lines "B" and "D" since these are the costing the company the most money 
in lost yield, and improving the yield for these products adds the most value in dollars 
to the company's profit. 
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Referring to Fig. 4, an output chart is shown which is preferably created using 
a software program which extracts "starts", "goods", "unit costs", and "expected 
yield" data from a relational database to compute a "cost of yield". The software 
program creates reports of the computed cost of yield for each product. The 
preferred reports are a summary of all products and their cost of yield for all 
processes. A sample report is shown in Fig. 4. The chart 300 includes one line for 
each product 302, and one column (C-G) for each process. There is a summary 
column at the far right "H" which sums the cost of yield for a given product across 
all processes. The report 300 is typically sorted with the poorest performing product 
at the top, which makes it easy to see what product needs resources the most. The 
summary of all products and their cost of yield for a single process step allows easy 
viewing of which products are performing poorest. 

Referring to Figure 4, column "A", "report class" is a product classification. 
There are two main material types used to make products which are organized in the 
report by the material type. Column "B", "product" is the name of each product. 
Costs and yields are tracked by each product. Each product has it's own line in the 
report. Column "C", "PI Cost" is the net cost of yield (in dollars) for the PI 
processing portion of the manufacturing process. The PI process is broken down into 
five major processes, each one with its own yield target by product. The "PI Cost" is 
the difference between the plan and actual yield for the product through PI processing, 
times the number of parts started into the PI process, times the unit cost of each 
piece. The result of the calculation is a dollar amount (either positive or negative). 
Column "D", "PII Cost" is the net cost of yield (in dollars) for the PII processing 
portion of the manufacturing process. The costs are expressed in dollars, using the 
yields, starts, and unit costs associated with the PII portion of the manufacturing 
process. Column "E", "PHI Cost" is the net cost of yield (in dollars) for the PHI 
processing portion of the manufacturing process. The costs are expressed in dollars, 
using the yields, starts, and unit costs associated with the PHI portion of the 
manufacturing process. Columns "F" and "G", "PIV Cost" and "PV Cost", both are 



14 



• # 



net costs of yield (in dollars) for their respective portions of the manufacturing 
process. Column "H", "Total Cost" is the sum of the five major manufacturing 
process costs described above. Each line has the total for the particular product on 
that line. At the bottom of the report is a total across all products in the report. 

The method of the present invention may be embodied as a computer program 
product stored on a program storage device. This program storage device may be 
devised, made and used as a component of a machine utilizing optics, magnetic 
properties and/or electronics to perform the method steps of the present invention. 
Program storage devices include, but are not limited to, magnetic disks or diskettes, 
magnetic tapes, optical disks, Read Only Memory (ROM), floppy disks, 
semiconductor chips and the like. A computer readable program code means in 
known source code may be employed to convert the methods described below for use 
on a computer. The computer program or software incorporating the process steps 
and instructions described further below may be stored in any conventional computer, 
for example, that shown in Fig. 4. Computer 400 incorporates a program storage 
device 402 and a microprocessor 404. Installed on the program storage device 402 is 
the program code incorporating the method of the present invention, as well as any 
database information for the mask pattern of a feature to be created on the 
semiconductor substrate and the lithographic process window variations. 

While the present invention has been particularly described, in conjunction 
with a specific preferred embodiment, it is evident that many alternatives, 
modifications and variations will be apparent to those skilled in the art in light of the 
foregoing description. It is therefore contemplated that the appended claims will 
embrace any such alternatives, modifications and variations as falling within the true 
scope and spirit of the present invention. 

Thus, having described the invention, what is claimed is: 
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